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APPENDIX A

CRACK GROWTH PLOTS




A.1 CTD DATA
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Figure A-1. IM8/3100 Mode | at CTD Conditions
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MIXED MCODE CRACK GROWTH DATA -- CLS-63
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Figure A-2. IM8/3100 Mixed Mode (CLS-83) st CTD Coanditions




MIXED MODE CRACK GROWTH DATA -- CLS-82
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Figure A-J. IM6/3100 Mixed Mode (CLS82) at CTD Conditions
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Figure A-4. IM8/3100 Mode Il at CTD Conditions
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Figure A-5. IMG/FE50 Mode | at CTD Condlilons




MIXED MODE CRACK GROWTH DATA  --  CLS-63
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Figure A8, IMB/FE50 Mixed Mode (CLS-83) at CTOD Conditions




MIXED MODE CRACK GROWTH DATA -- (CLS-82
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Figure A-7. IMBIFS50 Mixed Mode (CLS-82) at CTD Conditions
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Figure A-8. IMG/FE50 Mode Il at CTD Condilions
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A.2 RTD DATA
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MODE | CRACK GROWTH DATA
IM6/73100 -- RTD ENVIRONMENT
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Figure A-9. IM8/3100 Mods | at RTD Conditions
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MIXED MODE CRACK GROWTH DATA  --  CLS-63
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Figure A-10. IMG/3100 Mixed Mode (CLS-83) at RTD Conditiens
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Figure A-11. IM8/3100 Mixed Mods (CLS-82) at RTD Conditions
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Figure A-12. IMG/3100 Mods il at RTD Conditions

A-17




MODE | CRACK GROWTH DATA

IM6/F650 -~- RTD ENVIRONMENT
o

-
i
—_ T
S o
o ]
g
Z 7 a
T
=] )

0 da/dn = 8.2538-07 (AG)16:.4
QO
N 3
<<
o (1]
i L}
mo
©0w
|
(]
- T T T T L N Rt N B e I

10-! 100 10!
DELTA G (IN-LBS/INxx2)

Flgure A-13. IM6/FB50 Mode ' st RTD Conditions
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-MIXED MODE CRACK'GROWTH DATA - - CLS-63
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Figure A-14. IMG/F860 Mixed Mode (CLS-63) at RTD Conditions
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~MIXED MODE CRACK GROWTH DATA -- CLS-82
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Figure A-15. IM6/F850 Mixed Mcde (CLS-82) at RTD Conditions
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Figure A-18. IMG/FE50 Modse Il at RTD Conditions
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A.3 ETW DATA
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Figure A-17. IM8/31C0 Mode | at ETW Conditions
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Figure A-18. IM8/3100 Mixed Mode (CLS.03) at ETW Conditions
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Figure A-19. IM8/3100 Mixed Mode (CLS-82) at ETW Conditions

A-26




MODE |1 CRACK GROWTH DATA

IM6/3100 -- ETW ENVIRONMENT
<
(e}
] o
. ul
Am-
wo
_]—-4
Q- o
5 ’
< ]
Z 7
- "
=1
Zo
N
& 3 de/dn = 1.124E-05 (4G)6-47
§
i ullu}
‘v
O
10! 100 10!

DELTA G (IN-LBS/IN%e2)

Figure A-20. IM6/31G0 Mode Il at ETW Conditions
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Figure A-21. IM&/F850 Mods | at ETW Conditions
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Figure A-22. IMG/FES0 Mixed Mode (C1L.5-83) al ETW Canditions

A-29




MIXED MODE CRACK GROWTH DATA -- CLS-82
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Figure A-23. IM8/F850 Mixed Mode (CLS-82) at ETW Condiltions
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Figure A.24. IMGIFS50 Moda 1) at ETW Conditions

A-31




o APPENDIX B
... - IMPAGT DAMAGE/RESIDUAL STRENGTH DATA

The low-velocity impact damage work performed on 11 inch by 7 inch panels
is summarized in this appendik. The data is separated into the three groups:
maximum non-visible damage, thin laminate damage, and visible damage. Each
section includes a summary table listing data for one representative panel
from each of the test conditions. Each table is followed by three types of
data sheets for the RTD panels included in the table. The first type of data
sheet shows plots of acceleration and back-surface strain as functions of
time (during impact). In some cases, two impacts were done on a panel when
the first impact failed to produce sufficient damage. For those panels,
there are two sheets showing plots of acceleration and back-surface strain.
The second type of sheet shows a C-scan of the impact damage. The third type
of sheet shows a leoad vs. strain plot for five strain gages that monitored
the residual compression behavior of each panel.

C-scans are not included for panels tested under EIW conditions for
residual compression strength. Since these panels were impacted under RTD
conditious, the C-scans would not be significantly different from the C-scans
reported for analogous RTD panals.

The summary table includes three impact anergy levels. Nominal impact
energy is the level that was targetad for the panel. Potential impact energy
is the enargy based on the height and weight of the impactor. Kinaetic impact
energy is the energy based on the mass of the impactor and its velocity as
maasurad by optical sensors just prior to striking the panel surface. The
inpact energies are followad by the maximum acceleration (Gmx) and the
maximum back-surface bending strain (emx) that occurred during impact.
Maxioum load can be determined by multiplying impactor weight by Gmax' Dent
depth and delamination width (from C-scans) describe the impact damage state.
Pinally residual strength and strain arve listed.

The third data sheet for each panel shows a load-strain plot for the five

locations shown in Figure B-1. The symbol labeled FFAR on tha plot repre-
sents the front-face (impact side) far field strain response. The symbols

B-1




FSID and BSID represent the strain responses, ! inch in from-the side of the
panel, on the front-face and back-face of the panel respectively. The
symbols FDEL and BDEL represent the strain responses adjacent to the impact
delamination on the front-face and back-face of the panel respectively.

90°

oo

7.00 4= = E=—-

FFAR [ FOEL, BOEL
|
FSID, BSID
(] =
: 1.00
0' Strain Gage (Typ) =~/ |

Noles: (1) FFAR = Front, Far-Fleld Strain
(2) FOEL » Front, Delarnination Edge Svrain
(3) BDEL = Back, Delamination Edge Strain
4) FSID « Fromt, Panal Side Strain
§) BSID « Back, Panal Side Strain

Figure B-1. Definition of Panel Sirain Gage Locations
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B.1 MAXIMUM NON-VISIBLE IMPACT DAMAGE

8-3




Nominal

Petenitl

Kimtic

Impaciar Dent Oelamination Residusi Resius
Mueria  Shoumen “‘(‘l:f)‘" weight m m m Cme (g%, Ot Width  Swongh Siin
(i) i B (b {in.} (in} {ksi)  {uin./in.}

ATo
1122 014 38 8 852 832 315 11,880 0005 1.9 21 6200
IMB/3100 1112 10/80/10 0221 383 14 1491 1421 706 14740 0009 2.4 %8 540
14131 0451 782  17.5/23 18.6/244 18.1/— Q48 9,630 0008 3.9 02 6150
1142 010 383 14 1491 1444 421 TS0 0006 1.5 85 3200
IMB/3100 1202 50/40/10 0224 782 23 2444 2358 555 1450 0011 3.4 08 2600
1152 0453 1947 42 4462 — 56 11720 0012 3.7 B2 3450
212:2 0106 383 & 638 626 268 8440 0007 1.4 2.4 3800
IMG/FES0  241-3  10/8010 0216 .83 7 744 732 633 173 0010 18 M2 4250
2431 043 782 20 2124 2047 707 9690 0012 3.6 25 450
2141 0111 388 744~ 256 14820 0007 17 20 2700
IMG/FES0 2202 50/40/10 0219  7.82 10 10.62 1035 305 4400 0012 20 81 250
2152 0443 1947 35 a3 — 75 9340 0017 30 %5 250

EW
1-12-4 014 383 8 852 — 335 15070 0005  — 29 390
MG/3100 1115 10780710 0.222 383 14 1491 1413 874 15740 0003  — 22 5000
1134 0440 782 23 2444 2343 1078 10580 0006  — 248 5150
1144 0.110 383 14 1491  143¢ 482 18160 0005  — 26 2050
IMB/3100 1204  50/40/10 0225  7.82 2 2444 2343 520 14540 0008  — %4 2650
1-15-4 0451 782 17.5/23 2444  — 983 9410 0010  — 85 2600
2425 0106 383 6 638 — 257 10830 0007  — 75 3100
IMG/FESO 2116  10/8010 0216  3.83 7 74 128 89 9650 001 — 175 3500
2135 0436 782 15 1597 1556 700 750 00100 — 171 2580
2145 oMt 383w 740 732 0 13180 0006  — 25 1800
IMG/FES0 2204  50/40/10 0219  7.83 10 10.62  10.31 375 5910 0012  — 206 1550
2154 04t 782 35 4308 3581 927 9710 0016  — 189 1500
GPES.008-2T

Figurs B-2. Maximum Non-Visible Impact Damage Data Table
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LVID SPECIMEN DATA

MATERIAL SYSTEM IM&/3100

SPECIMEN I.D. 1-12-2 THICKNESS .114 1IN
DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 26.7 IN
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MAXF ' ;
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MINF , , ] . L
) 1 2 3 . & =
TIME (MILLISECONDS)
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INTEGRATED TOTAL VELOCITY 230.19 IN/SEC

PANEL STRAIN VERSUS TIME
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"Ax 3 o ' . / ) ﬂ
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ot
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Figure B-3. Panel 1-12:2 impact Response Data
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Figure 8-4. Panel 1.12.2 C.Scan
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LVID SPECIMEN DATA

MATERIAL SYSTEM IM&/3100

" - SPECIMEN I.D. 1-11-2 THICKNESS :221 N
DROP CARRIAGE WT. 3.83 LBs DROP HEIGHT 46.7 IN
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Figure B-6. Panel 1:11.2 Impact Responss Data
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Figure B-7. Panel 1-11.2 C.Scan
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LVID SFPFECIMEN DATA

MATERIAL SYSTEM IM&6/3100

SPECIMEN I.D. 1-13-1.1 THICKNESS .451 IN
DROP CARRIAGE WT. 7.82 LBS DROP HEIGHT 28.5 IN

ACéELERATIDN VERSUS TIME

¥ 1 \ ) ' i
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Figure B-9. Pansl 1:13-1 First impact Response Dala
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LVID SPECIMEN DATA

MATERIAL SYSTEM IM6/3100

SPECIMEN I.D._1-13-1.,2 THICKNESS _ .451 1IN
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¥ ¥ L] 1 | ] 1

MAX I 1
ACC%LERAT ION
Q's)
MINF . " . . o
0 1 2 3 4 S
TIME (MILLISECONDS)
MINIMUM ACCELERATION -60.5 g'w MAXIMUM ACCELERATION 837.89 g°s

INTEGRATED TOTAL VELOCITY 260.22 IN/SEC

PANEL STRAIN VERSUS TIME

-t

L] ¥ | 1 L]

max | P

) 1 2 3 4 s
TIME (MILLISECONDS)

MAXIMUM STRAIN 12294 UIN/IN

Figure B-10. Pansl 1-13-1 Second impact Response Dala
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Figure B-11, Panel 1-13-1 C.Scan
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LVID SFECIMEN DATA

MATERIAL. SYSTEM IM&/3100

SPECIMEN I.0. 1-14-2 THICKNESS .110 IN

DROP CARRIAGE WT. 3.83 LBS DROP HEIGHT 46.7 IN
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